Phytolacca americana L. (Phytolaccaceae) is a perennial plant originating from North America. Its rhizome has been used as a traditional crude diuretic drug in spite of having strong toxicity. A number of triterpenes, their glycosides, and neolignanes have been isolated from the roots of P. americana and identified. 1-7) As a part of our search for neurotrophic substances in natural products, we reported the isolation and structure of americanol A (8) and isoamericanol A (9) from the seeds of P. americana. 8, 9) Moreover, we accomplished the convenient syntheses of americanol A (8) and isoamericanol A (9) by horseradish peroxidase (HRP) catalyzed oxidative coupling of caffeic acid. 10) In this paper, we describe our next attempt aiming at production of neurotrophic substances 8 and 9 from the cultures of P. americana. First of all, we tried to establish the cell cultures of P. americana independently of the previously known procedure. 11)
1
H-NMR (CD 3 OD) spectrum of 1 revealed the signals due to five tertiary methyl groups at d H 0.71, 0.82, 0.97, 1.12, and 1.17, one methoxyl group at d H 3.68 and an olefin proton at d H 5.28 as well as anomeric protons at d H 4.47 (d, Jϭ7.1 Hz), 4.67 (d, Jϭ7.7 Hz) indicating the presence of two sugars. Acetylation of 1 gave the heptaacetate 1a (m/z 1127 [MϩNa] ϩ ), which was then treated with trimethylsilyldiazomethane yielding the methyl ester 1b (m/z 1141 [MϩNa] ϩ ), thereby indicating the presence of seven hydroxyl groups and one carboxyl group. The 13 C-NMR (CD 3 OD) ( Table 1 ) and distortionless enhancement by polarization transfer (DEPT) spectra displayed the 42 carbons which consisted of two carbonyl groups (d C 184.1, 176.7), one trisubstituted double bond (d C 122.5, 144.5), two anomeric carbons (d C 105.3, 104.0), one oxygen-bearing methylene group (d C 50.9), five methyl groups, ten methylenes, three methines, six quaternary carbons and eleven oxygen-bearing carbons. The acid hydrolysis of 1 afforded D-xylose and D-glucose, which were identified with authentic sugars by using chiral HPLC detection. Additionally, the coupling constants [d H 4.47 (d, Jϭ7.1 Hz), 4.67 (d, Jϭ7.7 Hz)] for the anomeric protons of xylose and glucose in 1 indicated that the anomeric configurations of D-xylose and D-glucose are b. These results indicated that 1 was the triterpene glycoside linked with D-xylose and D-glucose. In the 13 C-NMR spectrum, the aglycone part of 1 was similar to phytolaccinic acid (7) 13) except for C-3 which was shifted down-field by 8.1 ppm in comparison with that of 7, thus indicating that the sugar part was attached at the C-3 position. In order to confirm the linkages of the two sugar parts and the structure of the aglycone, heteronuclear multi-bond correlation (HMBC) experiments ( Fig. 1 ) were carried out. Correlations were observed between the H-1 signal at d 4.47 in xylose and the C-3 signal (d C 83.9) of the aglycone and between the H-1 signal at d 4.67 in glucose and the C-2 signal (d C 81.2) of xy-lose. In addition to these HMBC, the other methy groups at d H 0.71, 0.82, 0.97, 1.12, and 1.17 had correlations in the HMBC spectrum 1 as shown in Fig. 1 confirming the structure of the aglycone part of 1. These results showed that the aglycone part was 7, and D-xylose was attached at the C-3 position and D-glucose was attached at the C-2 of xylose. The relative stereochemistry of the aglycone was determined to be identical with that of 7 by rotating frame nuclear Overhauser and exchange spectroscopy (ROESY) experiments ( Fig. 2 ). Thus, compound 1 was represented as 3-O-[b-D-glucopyranosyl-(1→2)-b-D-xylopyranosyl] phytolaccinic acid. Furthermore, we assigned the 13 C-NMR spectral data for 2-6 in CD 3 OD which are summarized in Table 1 . 16) In this study, we obtained six triterpene glycosides, among which three compounds 2, 3 and 6 were isolated from the same plant roots, 3, 4) and 4 and 5 were reported from the roots of P. acinosa 13) and P. dodecandra. 15) Although, the production of betacyanin from the cell cultures of P. americana 11) has been reported, this is the first report on the production of the triterpene glycosides from the cultures of P. americana. However, we did not succeed in the production of 8 and 9. We are continuing our efforts to find culture conditions for the production of 8 and 9.
Experimental
Optical rotations were measured with a Jasco DIP-1000 digital polarimeter. IR spectra were recorded on a Jasco FT-IR 5300 IR spectrophotometer. NMR spectra were recorded on a Varian Unity 600 instrument. MS were recorded on a JEOL AX-500 instrument.
Plant Material Fresh stems of P. americana plants, grown in the botanical garden of Tokushima Bunri University, were washed in water, dipped for 30 s in 70% EtOH, sterilized in a 1% sodium hypochlorite solution for 30 s, and washed three times with sterilized H 2 O. The stems were placed on MS medium containing 1 mM 1-NAA, 3% of glucose and 0.9% agar and incubated at 25°C. The cell cultures then subcultured on the same medium several times. The cell cultures were routinely subcultured using the same medium under continuous light of 2000 lux. The suspension culture was cultivated on a rotary shaker at 90 rpm in 300 ml flask with 100 ml of same liquid medium and subcultured at intervals of 4 weeks.
Extraction and Isolation The MeOH extract (7.9 g) of the freeze-dried cell culture material (35.3 g) was chromatographed on silica gel (WACO-GEL, C-300) eluting with a CHCl 3 -MeOH gradient and elutant were separated into 1-12 fractions. [WACOGEL, CHCl 3 : MeOH : H 2 O (7 : 3 : 0.5)] and finally by HPLC [cosmosil 5C 18 -AR (f10ϫ250 mm); MeOH-H 2 O (3 : 1; 2.0 ml min Ϫ1 ); UV 220 nm] to give 4 (23 mg), 5 (36 mg) and 6 (26 mg). Table 1 .
3-O-[b b -D-Glucopyranosyl-(1→
Acetylation of 1 Acetic anhydride (1 ml) was added to a solution of 1 (30 mg) in pyridine (1 ml), and the mixture was stored at room temperature for 16 h. The reaction mixture was poured onto water and extracted with EtOAc. After evaporation of solvent, the residue was chromatographed by silica gel (hex-EtOAc, 1 : 1) to give the acetate 1a (28 mg) as an oil. HR-FAB-MS: m/z 1127.5050 (Calcd for C 56 Methylation of 1a Trimethylsilyldiazomethane (0.5 ml, in 1.0 M hexane) was added to a solution of 1a (28 mg) in methanol (1 ml), and the mixture was stirred at room temperature for 14 h. After evaporation of solvent, the residue was chromatographed on Sephadex LH-20 (CHCl 3 -MeOH, 1 : 1) to give the methyl ester 1b (21 mg) as an oil. FAB-MS: m/z 1141.5240 (Calcd for C 50 H 86 O 27 Na, 1141.5252). 1 Acid Hydrolysis of Compound 1 Compound 1 (11 mg) was hydrolyzed with HCl/MeOH under reflux for 1 h. The reaction mixture was diluted with H 2 O and extracted with CHCl 3 . The aq. layer was neutralized with Amberlite IRA-35 and evaporated in vacuo to dryness. The sugar was determined by using refractive index (RI) detection and chiral detection (Shodex OR-1) on HPLC (Shodex NH 2 P-50G, 80% CH 3 CN, 1 ml/min, 45°C) in comparison with authentic sugars.
